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Description 

[BUMP AND FABRICATING PROCESS 
THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 91120545, filed on September 10, 
2002. 

Background of Invention 
[0002] Field of Invention 

[0003] jhe present invention relates to a bump and fabricating 
process thereof. More particularly, the present invention 
relates to a bump having an improved barrier layer me- 
chanical strength and fabricating process thereof. 

[0004] Description of Related Art 

[0005] | n this information-hungry society, electronic products are 
used almost everywhere to meet our demands for com- 
munication, business transactions, education, recreation 
and much more. The principle drivers behind all these 



electrical devices are specially designed integrated cir- 
cuits. As electronic technologies continue to advance, in- 
creasingly complex, functionally powerful and highly per- 
sonalized electronic products are produced. Rapid 
progress in design also has brought about the current 
trend of product miniaturization. Many types of high- 
density semiconductor packages are developed using flip- 
chip technique. Since a flip-chip package utilizes the 
bump on each contact pad of a chip to make direct elec- 
trical contact with a substrate, average circuit length is 
shorter than other types of packages connected through 
the wire bonding or the tape automated bonding (TAB) 
method. The shortened circuit length improves overall 
performance of a flip-chip package over other conven- 
tional packages. Furthermore, the backside of the chip in 
a flip-chip package may be exposed by design to increase 
heat dissipation. Because of these advantages, flip-chip 
techniques for fabricating packages are adopted by most 
semiconductor package producers. 
[0006] pig. 1 is a magnified cross-sectional view of a portion of a 
conventional flip-chip package structure. As shown in Fig. 
1, the flip-chip structure 100 includes a silicon chip 100 
and at least a bump structure 170 (only one is shown in 



Fig. 1). The bump structure 170 includes an under- 
bump- metallurgy (UBM) layer 142 and a bump 160. The 
chip 110 has an active surface 112. The active surface 
112 of the chip 110 has a passivation layer 114 and at 
least one contact pad 116 thereon. The passivation layer 
114 has at least one opening 118 that exposes the con- 
tact pad 116. The under-ball-metallurgy (UBM) layer 142 
is formed on the contact pad 116 of the chip 110. The 
UBM layer 142 includes an adhesion layer 120, a barrier 
layer 130 and a wettable layer 140. The adhesion layer 
120 sits directly on the contact pad 116, the barrier layer 
130 is over the adhesion layer 120 and the wettable layer 
140 is over the barrier layer 130. The adhesion layer 120 
is made from a material such as titanium or aluminum, 
the barrier layer 130 is made from a material such as 
nickel-vanadium alloy and the wettable layer 140 is made 
from a material such as copper. The bump 160 sits on the 
wettable layer 140. The bump 160 is made from a mate- 
rial such as lead-tin alloy. 
[0007] | n general, the aforementioned flip-chip package struc- 
ture 100 has a thin wettable layer 140 of between 0.3 to 
0.8um. Moreover, the copper in the wettable layer 140 
may react quickly with the tin inside the bump 160. At the 



end of the copper-tin reaction, the tin within the bump 
160 may further react with the nickel inside the barrier 
layer 130. Since the inter-metallic layer formed by the rel- 
atively slow reaction (more than 30 seconds) between tin 
and nickel is lumpy and discontinuous, ultimate contact 
with the adhesion layer 120 will be poor. Hence, the bump 
160 may easily peel off from the upper surface of the chip 
110. 

Summary of Invention 

[0008] Accordingly, one object of the present invention is to pro- 
vide a bump structure and a fabricating process thereof 
capable of increasing mechanical strength of a barrier 
layer within the bump structure and hence preventing the 
bump structure from peeling off the chip via the barrier 
layer. 

[0009] Before starting out to describe this invention, the spatial 
preposition "over" or "above" needs to be clarified. When 
the preposition "over" or "above" is used, the relationship 
between the two objects concerned may or may not have 
direct contact with each other. For example, an object A is 
"over" or "above" an object B may mean either object A is 
above object B and directly touching object B or object A 
is in the space above object B but without touching object 



B. 

[0010] To achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a bump 
structure over a contact pad. The bump structure includes 
an under-bump-metallurgy (UBM) layer, a bonding mass 
and a bump. The under-ball-metallurgy layer sits over the 
contact pad. The bonding mass is formed over the under- 
ball-metallurgy layer by pressure bonding. The bonding 
mass is made from a material such as copper and has a 
thickness ranging between 4 to lOum. The bump is above 
the bonding mass and covers a sidewall of the bonding 
mass. 

[0011] According to one preferred embodiment of this invention, 
the under-ball-metallurgy layer may further include an 
adhesion layer and a barrier layer. The adhesion layer sits 
over the contact pad and is made from a material such as 
titanium, titanium-tungsten alloy, aluminum or 
chromium. The barrier layer sits over the adhesion layer 
and is made from a material such as nickel-vanadium al- 
loy or nickel. The bonding mass sits over the barrier layer. 
In addition, the bump may be made from a material such 
as lead-tin alloy. The bump may be made from a lead- 



free material such as a single metallic substance or an al- 
loy of metallic substances selected from tin, gold, silver, 
copper, bismuth, antimony, indium or zinc. 

[0012] This invention also provides a process for fabricating a 
bump structure. First, an under-ball-metallurgy layer is 
formed over a wafer. Thereafter, a pressure bonding pro- 
cess is conducted to form a bonding mass over the un- 
der-ball-metallurgy layer. A solder material is applied 
over the bonding mass. A reflow process is conducted to 
solidify the solder material and hence form a bump over 
the bonding mass. 

[0013] | n brief, since the bonding mass is a relatively thick layer 
ranging between 4 to lOum, reaction time between cop- 
per and tin is extended. Hence, the amount of platy and 
discontinuous inter-metallic material resulting from the 
reaction between nickel and tin is restricted. Ultimately, 
bonding strength between the bump and the chip is in- 
creased. 

[0014] | t j S t0 De understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 
Brief Description of Drawings 



[0015] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0016] pig. 1 is a magnified cross-sectional view of a portion of a 
conventional flip-chip package structure. 

[0017] pigs. 2 to 10 are magnified cross-sectional views showing 
the progression of steps for fabricating a bump structure 
according to one preferred embodiment of this invention. 
Detailed Description 

[0018] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0019] Figs. 2 to 10 are magnified cross-sectional views showing 
the progression of steps for fabricating a bump structure 
according to one preferred embodiment of this invention. 
First, as shown in Fig. 2, a silicon wafer 210 is provided. 
The wafer 210 has an active surface 212. The active sur- 



face 212 has a passivation layer 214 and a plurality of 
contact pads (only one is shown in Fig. 2) thereon. The 
passivation layer 214 has a plurality of openings 218 each 
exposing a contact pad 216. The passivation layer 214 
may be an inorganic compound layer such as a silicon ox- 
ide layer or a phosphosilicate glass (PSG) layer. Alterna- 
tively, the passivation layer 214 may be a composite layer 
comprising a stack of the aforementioned inorganic com- 
pound layers. Furthermore, the passivation layer 214 may 
also be an organic compound layer such as a polyimide 
layer. 

[0020] a sputtering process is next carried out to form an adhe- 
sion layer 220 over the active surface 212 of the wafer 
210. The adhesion layer 220 covers the contact pad 216 
and the passivation layer 214 to form a structure as 
shown in Fig. 3. The adhesion layer 220 is made from a 
material such as titanium, titanium-tungsten alloy, alu- 
minum or chromium. Another sputtering or an electro- 
plating process is conducted to form a barrier layer 230 
over the adhesion layer 220, thereby forming a structure 
as shown in Fig. 4. The barrier layer 230 is made from a 
material such as nickel-vanadium alloy or nickel. The ad- 
hesion layer 220 and the barrier layer 230 together con- 



stitute an under-ball-metallurgy layer 240. 

[0021] Thereafter, a plurality of bonding masses (only one is 

shown in Fig. 5) is formed over the barrier layer 230. As 
shown in Fig. 5, a conventional stud-bump-forming ma- 
chine is utilized to attach a bonding mass onto the barrier 
layer 230. The stud-bump-forming machine has a bond- 
ing head 260 with a capillary 262 therein. The capillary 
262 accommodates a bonding wire 264. The bonding wire 
264 is free to slide inside the capillary 262. A point dis- 
charge method is used to generate heat at one end 266 of 
the conductive wire 264 so that the heated end melts. Due 
to intermolecular adhesion between the metallic atoms 
within the wire, the heated end of the wire 264 transforms 
into a spherical ball 268. Throughout the point discharge 
process, nitrogen and hydrogen are passed to prevent any 
oxidation on the surface of the spherical ball 268 due to 
high temperature. 

[0022] The spherical ball 268 is pulled down to press against the 
upper surface of the barrier layer 230 before the spherical 
ball 268 solidifies as shown in Fig. 6. Ultrasound may also 
be applied to facilitate the joining of the spherical ball 
268 with the barrier layer 230. At this moment, the spher- 
ical ball 268 and the barrier layer 230 melt into each other 



so that the spherical ball 264 is eventually fastened firmly 
onto the upper surface of the barrier layer 230. The bond- 
ing head 260 is immediately raised so that the wire 264 
detaches from the spherical ball 268 to form the structure 
as shown in Fig. 7. Hence, a bonding mass 270 is formed 
over the barrier layer 230. The bonding mass 270 is made 
from a material such as copper. Preferably, each bonding 
mass 270 has an overall thickness 272 between about 4 
to 10um. 

[0023] Using the bonding mass 270 as an etching mask, the un- 
der-ball-metallurgy layer 240 is removed by etching to 
expose the active surface 212 of the wafer 210. However, 
a residual under-ball-metallurgy layer 240 remains un- 
derneath the bonding mass 270. In other words, a portion 
of the adhesion layer 220 and the barrier layer 230 re- 
mains underneath the bonding mass 270 to form a struc- 
ture as shown in Fig. 8. 

[0024] a screen-printing method is used to form solder blocks 
280 (only one is shown) over the bonding mass 270 as 
shown in Fig. 9. The solder blocks contain material made 
by mixing together metallic particles and flux agents. 
Thereafter, a reflow process is carried out so that the 
metallic particles inside each pasty solder block 280 melt 



and coalesce together into a bump 290 (only one is 
shown) over the bonding mass 270. The flux agents serve 
to remove any oxide material from the surface of the 
bump 290 and the bonding mass 270 so that the bump 
290 and the bonding mass 270 are tightly bonded to- 
gether to form a structure as shown in Fig. 10. The bump 
290 can be made from a material such as lead-tin alloy or 
a lead-free material such as tin, gold, tin-copper alloy, 
tin-technetium alloy, tin-bismuth alloy, tin-indium alloy, 
tin-zinc alloy, tin-silver alloy, tin-bismuth-silver alloy, 
tin-bismuth-technetium alloy, tin-bismuth-zinc alloy, 
tin-bismuth-indium alloy or tin-silver-copper alloy. Since 
a portion of the non-volatile flux agents may remain after 
the bump 290 is formed, a special solvent is applied to 
the wafer to remove any residual flux agents from the 
surface of the bump 290 and the active surface 212 of the 
wafer 210. The under-ball-metallurgy layer 240, the 
bonding mass 270 and the bump 290 together constitute 
a complete bump structure 292. In addition, the bump 
290 encloses the sidewalls 274 of bonding mass 270 as 
well. 

[0025] | n the aforementioned bump structure 292, the bonding 
mass 270 is a relatively thick layer having a thickness 



ranging between 4 to lOum. With such thickness, reaction 
time between copper and tin is extended, thereby reduc- 
ing the formation of a platy and discontinuous inter- 
metallic layer through prolonged reaction between nickel 
and tin. Ultimately, bonding strength between the bump 
290 and the wafer 210 is improved. 
[0026] it W j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



